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Pressure-dependent chemical shifts in the R3 domain of talin show that it is 
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7DOLQPHGLDWHVDWWDFKPHQWRI WKHFHOO WR WKHH[WUDFHOOXODUPDWUL[ ,W LV WDUJHWHGE\ WKH5DS
HIIHFWRU 5,$0 WR IRFDO DGKHVLRQ VLWHV DQG VXEVHTXHQWO\ XQGHUJRHV IRUFHLQGXFHG
FRQIRUPDWLRQDO RSHQLQJ WR UHFUXLW WKH DFWLQLQWHUDFWLQJ SURWHLQ YLQFXOLQ7KH FRQIRUPDWLRQDO
VZLWFKLQYROYHVWKHWDOLQ5GRPDLQZKLFKELQGV5,$0ZKHQFORVHGDQGYLQFXOLQZKHQRSHQ
+HUHZHDSSO\SUHVVXUHWR5DQGPHDVXUH+1DQG&FKHPLFDOVKLIWFKDQJHVZKLFK
DUHILWWHGXVLQJDVLPSOHPRGHODQGLQGLFDWHWKDW5LVRQO\FORVHGWKHFORVHGIRUPLVD
IRXUKHOL[EXQGOHZKLOHLQWKHRSHQVWDWHKHOL[LVWZLVWHGRXW6WULNLQJO\DPXWDQWRI5WKDW
ELQGV5,$0ZLWKDQDIILQLW\VLPLODUWRZLOGW\SHEXWPRUHZHDNO\WRYLQFXOLQLVVKRZQWREH
N-PROPRUHVWDEOHZKHQFORVHG7KHVHUHVXOWVGHPRQVWUDWHWKDW5LVWKHUPRG\QDPLFDOO\
SRLVHGWRELQGHLWKHU5,$0RUYLQFXOLQDQGWKXVFRQVWLWXWHVDJRRGPHFKDQRVHQVLWLYHVZLWFK 
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.(<:25'6K\GURVWDWLFSUHVVXUHFHOODGKHVLRQWDOLQIRFDODGKHVLRQFRPSOH[YLQFXOLQ
VLQJXODUYDOXHGHFRPSRVLWLRQFKHPLFDOVKLIW
  
3 
,1752'8&7,21 1 
7KHDGKHVLRQRIFHOOVWRWKHH[WUDFHOOXODUPDWUL[XVXDOO\PDNHVXVHRIWKHFHOOVXUIDFHUHFHSWRUVNQRZQ2 
DVLQWHJULQV7KHLQWUDFHOOXODUWDLORIDQDFWLYDWHGLQWHJULQIRUPVSDUWRIDFRPSOH[WKDWOLQNVWKHUHFHSWRUV3 
WR WKH DFWLQ F\WRVNHOHWRQ DQG WKXV HQDEOHV FRPPXQLFDWLRQ EHWZHHQ H[WUDFHOOXODU OLJDQGV DQG WKH4 
F\WRVNHOHWRQ7KH DVVHPEO\ RI WKLV FRPSOH[ LV WLJKWO\ UHJXODWHG DQG UHTXLUHV D QXPEHU RI SURWHLQV5 
LQFOXGLQJWDOLQYLQFXOLQDQGWKH5DS*73LQWHUDFWLQJDGDSWRUPROHFXOH5,$07DOLQLVDODUJH6 
UHVLGXHSURWHLQFRQVLVWLQJRIDKHDGWKDWELQGVWRLQWHJULQVDQGWRSKRVSKROLSLGVDQGDORQJURGOLNHWDLO7 
WKDWELQGVWR)DFWLQDQGYLQFXOLQ&DOGHUZRRGHWDO7DOLQLVUHFUXLWHGWRWKHPHPEUDQHE\5,$08 
DQGVXEVHTXHQWO\XQGHUJRHVD IRUFHGHSHQGHQW FRQIRUPDWLRQDO FKDQJH WKDW H[SRVHVFU\SWLF YLQFXOLQ9 
ELQGLQJVLWHV9LQFXOLQUHFUXLWPHQWE\WDOLQUHLQIRUFHVWKHFRQQHFWLRQWRWKHDFWLQF\WRVNHOHWRQFRQVWLWXWLQJ10 
DIRUFHVHQVLQJPHFKDQLVPWKDWUHJXODWHVIRUPDWLRQRIWKHIRFDODGKHVLRQFRPSOH[7KHNH\HOHPHQWRI11 
WKHIRUFHVHQVRULQWKHWDOLQURGLVWKH5GRPDLQZKLFKELQGVERWK5,$0DQGYLQFXOLQ$WKHUWRQHWDO12 
7KHLQWHUDFWLRQRI5ZLWK5,$0DQGYLQFXOLQLVPXWXDOO\H[FOXVLYHZLWK5,$0ELQGLQJWRWKHFORVHG13 
IRUPRI5ZKLOHYLQFXOLQLQWHUDFWVZLWKWKHRSHQIRUP)LOOLQJKDPHWDO7KLVRSHQLQJRFFXUVDV14 
DUHVXOWRIPHFKDQLFDOVWUHWFKLQJGHO5LRHWDO<DRHWDOOHDGLQJWRWKHGLVSODFHPHQWRI15 
5,$0E\YLQFXOLQ *RXOWHWDO7KH5GRPDLQ LV ORFDWHG LQDFRPSDFW UHJLRQRI WKH WDOLQ URG16 
IRUPHG E\ WKUHH VHTXHQWLDO IRXUKHOL[ EXQGOH GRPDLQV 55 WKDW DUH SDUWLFXODUO\ VXVFHSWLEOH WR17 
PHFKDQLFDOXQIROGLQJ<DQHWDO5KDVWKHORZHVWVWDELOLW\RIWKHWKUHHDQGZDVREVHUYHGWRIROG18 
DQG XQIROG UHYHUVLEO\ RQ D VXEVHFRQG WLPHVFDOH DW  S1 DSSOLHG IRUFH ZLWKLQ WKH UDQJH RI D VLQJOH19 
DFWRP\RVLQFRQWUDFWLRQ<DQHWDO<DRHWDO<DRHWDO7KHVHREVHUYDWLRQVKDYH20 
OHG WRDPRGHO $WKHUWRQHWDO&DOGHUZRRGHWDO<DRHWDOZKLFKSURSRVHVWKDW21 
5,$0LQLWLDOO\ELQGVWRDQGUHFUXLWVWDOLQEXWWKDWDIRUFHLQGXFHGFRQIRUPDWLRQDOFKDQJHLQWDOLQFDXVHG22 
E\WKHIORZRIDFWLQILODPHQWVSDVWWKHWDOLQFRPSOH[RSHQVXSWKH5GRPDLQZHDNHQLQJWKHLQWHUDFWLRQ23 
ZLWK5,$0DQGSHUPLWWLQJDQLQWHUDFWLRQZLWKYLQFXOLQ7KHQHZO\IRUPHGYLQFXOLQFRPSOH[WKHQVWDELOL]HV24 
WKHIRFDODGKHVLRQVE\VWUHQJWKHQLQJLQWHUDFWLRQVZLWKDFWLQ)LJXUH
 
25 
  
4 
7KH IRXUKHOL[ EXQGOH WKDW FRPSULVHV WKH 5 GRPDLQ RI WDOLQ LV KHOG WRJHWKHU E\ K\GURSKRELF26 
LQWHUDFWLRQV7KHK\GURSKRELFLQWHULRULQFOXGHVDµWKUHRQLQHEHOW¶FRPSRVHGRIIRXUWKUHRQLQHUHVLGXHV27 
RQHIURPHDFKKHOL[LQWKHEXQGOHWKDWUHGXFHVWKHVWDELOLW\RIWKHGRPDLQ)LOOLQJKDPHWDO:H28 
SUHYLRXVO\FRQVWUXFWHGDTXDGUXSOHPXWDQWRI5UHIHUUHGWRDV5,99,LQZKLFKWKHVHIRXUWKUHRQLQH29 
UHVLGXHVZHUHUHSODFHGE\K\GURSKRELFUHVLGXHV7,79797,*RXOWHWDO7KLV30 
PXWDQWLVPRUHUHVLVWDQWWRXQIROGLQJE\ERWKPHFKDQLFDOIRUFH<DRHWDODQGWKHUPDOXQIROGLQJ31 
*RXOWHWDODQGELQGVPXFKPRUHZHDNO\WRYLQFXOLQWKDQ5FRQVLVWHQWZLWKWKHFRXSOLQJRI32 
XQIROGLQJWRSURGXFWLYHYLQFXOLQELQGLQJ)LJXUH 33 
7KHUHLVWKXVDPSOHHYLGHQFHWKDWWKHDFWLYLW\RI5DVDPHFKDQRVHQVLWLYHVZLWFKLVGXHWRD34 
UHYHUVLEOH RSHQLQJ RI WKH IRXUKHOL[ EXQGOH 6WUXFWXUDO FKDUDFWHUL]DWLRQ RI WKH RSHQ VWDWH KDV VR IDU35 
UHPDLQHGFKDOOHQJLQJ+HUHZHXVHKLJKSUHVVXUHDVDWRROWRDOORZXVWRFKDUDFWHUL]HWKHHQHUJHWLFV36 
DQGVWUXFWXUHVRIWKHWZRFRQIRUPDWLRQV 37 
+LJK K\GURVWDWLF SUHVVXUH KDV SURYHG WR EH DQ HIIHFWLYH ZD\ WR UHYHDO DOWHUQDWLYH SURWHLQ38 
FRQIRUPDWLRQVWKDWDUHFORVHLQHQHUJ\WRWKHJURXQGVWDWHLHORZO\LQJH[FLWHGVWDWHV$NDVDND39 
(OHYDWHGSUHVVXUHOHDGVWRDJHQHUDOFRPSUHVVLRQRIWKHSURWHLQZKLFKWRDJRRGDSSUR[LPDWLRQ40 
LVDOLQHDUHIIHFW105FKHPLFDOVKLIWFKDQJHVZLWKSUHVVXUHDUHWKHUHIRUHRIWHQOLQHDU .LWDKDUDHWDO41 
 +RZHYHU SUHVVXUH DOVR VWDELOL]HV DOWHUQDWLYH FRQIRUPDWLRQDO VWDWHV ZLWK ORZHU SDUWLDO PRODU42 
YROXPHV 6XFK VWDWHV EHFRPH LQFUHDVLQJO\ SRSXODWHG DV SUHVVXUH LQFUHDVHV OHDGLQJ WR QRQOLQHDU43 
FKHPLFDOVKLIWFKDQJHVLQWKHYLFLQLW\RIWKHVWUXFWXUDOFKDQJH%HFDXVHIROGHGSURWHLQVDOZD\VFRQWDLQ44 
VPDOO FDYLWLHV DQG SDFNLQJ GHIHFWV WKH\ DOZD\V KDYH D ODUJHU SDUWLDO PRODU YROXPH WKDQ XQIROGHG45 
SURWHLQVDQGWKHUHIRUHSUHVVXUHOHDGVWRORFDODQGXOWLPDWHO\WRJOREDOXQIROGLQJ5RFKHHWDO46 
7KH ORZHQHUJ\ H[FLWHG VWDWH FRQIRUPDWLRQV UHYHDOHG LQ WKLV ZD\ FDQ EH IXQFWLRQDOO\ LPSRUWDQW IRU47 
H[DPSOHDORFDOO\XQIROGHGIRUPRIXELTXLWLQKDVEHHQLGHQWLILHGDVWKHFRQIRUPDWLRQVHHQZKHQXELTXLWLQ48 
ELQGV WR WKH(XELTXLWLQFRQMXJDWLQJHQ]\PH .LWD]DZDHW DO :H WKHUHIRUHDSSOLHGHOHYDWHG49 
K\GURVWDWLFSUHVVXUHVXSWRNEDU03DWRWKH5GRPDLQRIWDOLQWRFKDUDFWHUL]HWKHHTXLOLEULXP50 
  
5 
EHWZHHQFORVHGDQGRSHQIRUPVPDNLQJWKHDVVXPSWLRQWKDWWKHH[FLWHGVWDWHSURGXFHGE\KLJKSUHVVXUH51 
LVOLNHO\WREHVLPLODUWRWKHVWDWHSURGXFHGE\PHFKDQLFDOIRUFH 52 
$SSOLFDWLRQRIHOHYDWHGSUHVVXUHXVXDOO\OHDGVWROLQHDURUVPRRWKO\FXUYHGSORWVRIFKHPLFDOVKLIW53 
YV SUHVVXUH 7KH DQDO\VLV RI SUHVVXUHGHSHQGHQW 105 FKHPLFDO VKLIWV WKHUHIRUH PRVW FRPPRQO\54 
SURFHHGVE\ILWWLQJ1+64&FKHPLFDOVKLIWFKDQJHVWRDTXDGUDWLFH[SUHVVLRQG = DESFSZKHUH55 
S LV SUHVVXUH $NDVDND  .LWDKDUD HW DO 7KH OLQHDU WHUP E LV UHODWHG WR K\GURJHQ ERQG56 
VWUHQJWKDQGRWKHUORFDOJHRPHWULFDOHIIHFWVDQGLVRIWHQGLIILFXOWWRLQWHUSUHW%\FRQWUDVWWKHQRQOLQHDU57 
FRPSRQHQWF DULVHV IURP WKHHTXLOLEULXPEHWZHHQ WKHQDWLYHJURXQGVWDWHDQGDQH[FLWHG VWDWH DQG58 
WKHUHIRUH WHQGV WR UHSRUW RQ FRQIRUPDWLRQDO FKDQJHV LQ WKH WUDQVLWLRQ WR H[FLWHG VWDWHV IRU H[DPSOH59 
DURXQGFDYLWLHVDQGLVPXFKPRUHXVHIXODQGSURWHLQVSHFLILF.LWD]DZDHWDO+RZHYHUDOWKRXJK60 
DTXDGUDWLFH[SUHVVLRQLVDFRQYHQLHQWIXQFWLRQDOIRUPLWFDQQRWEHUHODWHGLQDQ\VLPSOHZD\WRSK\VLFDO61 
SKHQRPHQDDQGWKHWHUPVEDQGFKDYHQRVLPSOHSK\VLFDOPHDQLQJ:HWKHUHIRUHSURSRVHDPRUH62 
SK\VLFDOO\PHDQLQJIXOHTXDWLRQ 63 
3UHVVXUHFDXVHVDFKDQJHLQWKHIUHHHQHUJ\GLIIHUHQFHEHWZHHQWZRFRQIRUPDWLRQV:HWKHUHIRUH64 
H[SHFWWKHVWDWHVWREHSRSXODWHGDFFRUGLQJWRDSUHVVXUHGHSHQGHQW%ROW]PDQQH[SUHVVLRQ 65 
 ଶܲȀ ଵܲ ൌ ݁ݔ݌ ቀെሺοܩ ൅ ݌οܸሻ ܴܶൗ ቁ [1] 66 
:H DVVXPH WKDW 5 FDQ H[LVW LQ WZR VWDWHV  DQG  JURXQG VWDWH DQG H[FLWHG VWDWH UHVSHFWLYHO\67 
SRSXODWHG LQ D SUHVVXUHGHSHQGHQW ZD\ DV DERYH (DFK RI WKHVH VWDWHV FDQ DOVR XQGHUJR D OLQHDU68 
SUHVVXUHGHSHQGHQW FRPSUHVVLRQ JLYLQJ ULVH WR D OLQHDU FKDQJH LQ FKHPLFDO VKLIW:H FDQ WKHUHIRUH69 
PRGHOWKHREVHUYHGSUHVVXUHGHSHQGHQWFKHPLFDOVKLIWG in a more physically meaningful way DV 70 
 ߜ ൌ ൫ఋభబା௣οఋభ൯ା൫ఋమబା௣οఋమ൯௘௫௣ቀିሾοீା௣ο௏ሿ ோ்ൗ ቁଵା௘௫௣ቀିሾοீା௣ο௏ሿ ோ்ൗ ቁ  [2] 71 
ZKHUHG1DQGG2DUHWKHFKHPLFDOVKLIWVRIIRUPVDQGDWDPELHQWSUHVVXUH'G1DQG'G2DUHWKHOLQHDU72 
SUHVVXUHGHSHQGHQWFKDQJHV LQFKHPLFDOVKLIWS LV WKHSUHVVXUH'G is the difference in free energy 73 
  
6 
EHWZHHQWKHWZRVWDWHVDWDPELHQWSUHVVXUHDQG'V is the change in volume between the two states. 74 
7KLVHTXDWLRQPDNHVVRPHDVVXPSWLRQVZKLFKDUHGLVFXVVHGLQ6XSSOHPHQWDU\0DWHULDO 75 
7KLVPRUHFRPSOH[DQDO\VLVRISUHVVXUHGHSHQGHQWFKHPLFDOVKLIWVLVPRUHGLIILFXOWWRILWWKDQWKH76 
VWDQGDUGTXDGUDWLFDSSUR[LPDWLRQEHFDXVHLWKDVRQHPRUHYDULDEOH:HWKHUHIRUHXVHGVLQJXODUYDOXH77 
GHFRPSRVLWLRQ69'WRKHOSDQDO\]HWKHFKHPLFDOVKLIWFKDQJHV69'LVDZHOOHVWDEOLVKHGVWDWLVWLFDO78 
WHFKQLTXH IRU UHGXFLQJ WKH GLPHQVLRQDOLW\ RI ILWWLQJ SUREOHPV E\ LGHQWLI\LQJ WKH PLQLPXP QXPEHU RI79 
FRPSRQHQWVQHHGHGWRJHQHUDWHWKHH[SHULPHQWDOGDWDSDWWHUQV,QWKHSURFHVVLWFDQDOVREHXVHGWR80 
LGHQWLI\DQGUHPRYHQRQFRUUHODWHGQRLVHWKXVGUDPDWLFDOO\UHGXFLQJH[SHULPHQWDOUDQGRPQRLVHLQWKH81 
GDWD7KLV DQDO\VLV VKRZHG WKDW ILWWLQJ RI WKH SUHVVXUHGHSHQGHQW FKHPLFDO VKLIWV RQO\ UHTXLUHV IRXU82 
FRPSRQHQWVGHVSLWHWKHFRPSOH[LW\RIWKHFKHPLFDOVKLIWFKDQJHV7KHIRXUFRPSRQHQWVDUHLGHQWLILHG83 
DVWKRVHUHTXLUHGE\(TQDPHO\WKHJURXQGVWDWHDWDPELHQWSUHVVXUHDFRPSUHVVHGJURXQGVWDWH84 
DQH[FLWHGVWDWHZKRVHSRSXODWLRQLQFUHDVHVZLWKSUHVVXUHDQGDFRPSUHVVHGH[FLWHGVWDWH 85 
7KHKLJKTXDOLW\RIWKHµQRLVHIUHH¶GDWDDOORZHGXVWRILW(TJOREDOO\SURGXFLQJWKHUHVXOWWKDW86 
LQWKHZLOGW\SH5WKHIUHHHQHUJ\GLIIHUHQFHEHWZHHQWKHJURXQGDQGH[FLWHGVWDWHV LVYHU\FORVHWR87 
]HURLH5LVFORVHGDQGRSHQDWDPELHQWSUHVVXUH7KHQDWXUHRIWKHFRQIRUPDWLRQDOFKDQJH88 
FDQ EH LGHQWLILHG E\ DQDO\]LQJ WKH FKHPLFDO VKLIWV G1R DQG G2R DQG WKH GLIIHUHQFH LQ WKH SUHVVXUH89 
GHSHQGHQWJUDGLHQWV'G1 'G2RQDSHUUHVLGXHEDVLV7KHPDLQFKDQJHLVORFDOL]HGWRKHOL[ZKLFKLV90 
SDUWRIWKHIRXUKHOL[EXQGOHLQWKHJURXQGVWDWHFORVHGFRQIRUPDWLRQEXWZKLFKEHFRPHVWZLVWHGRXWLQ91 
WKHH[FLWHGVWDWHRSHQFRQIRUPDWLRQ WKHUHE\H[SODLQLQJ WKHHIIHFWRIVKHDU IRUFHRQPRGXODWLQJ WKH92 
DYDLODELOLW\RIELQGLQJVXUIDFHV)LQDOO\DVLPLODUDQDO\VLVRI5,99,VKRZHGWKDWLQWKLVPXWDQWWKHJURXQG93 
VWDWH LVN-PROPRUHVWDEOHWKDQWKHH[FLWHGVWDWH LPSO\LQJWKDWWKHPXWDQWDFFHVVHVWKHRSHQ94 
FRQIRUPDWLRQOHVVUHDGLO\WKDQ5DQGH[SODLQLQJLWVORZHUDIILQLW\IRUYLQFXOLQ7KHVHUHVXOWVVKRZWKDW95 
5 LV GHOLFDWHO\ SRLVHG EHWZHHQ RSHQ DQG FORVHG VWDWHV DQG LV WKXV ZHOO SODFHG WR DFW DV D96 
PHFKDQRVHQVLWLYHVZLWFKDEOHWRH[FKDQJHHDVLO\EHWZHHQELQGLQJ5,$0LQWKHFORVHGVWDWHRUYLQFXOLQ97 
LQWKHRSHQVWDWHLQUHVSRQVHWRDSSURSULDWHVWLPXOL 98 
 99 
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5(68/76 100 
%DFNERQHDVVLJQPHQWVDQGSUHVVXUHGHSHQGHQWFKHPLFDOVKLIWFKDQJHV 101 
7KH105VSHFWUDRI5DQG5,99,DUHVLPLODU)LJXUH67KHVLJQDOVRI5,99,ZHUHDVVLJQHGXVLQJ102 
VWDQGDUGWKUHHGLPHQVLRQDO'KHWHURQXFOHDUH[SHULPHQWV%DFNERQHFKHPLFDOVKLIWVRI5,99,DUH103 
YHU\ VLPLODU WR WKRVH RI ZLOGW\SH 5 H[FHSW LQ WKH LPPHGLDWH ORFDWLRQV RI WKH PXWDWLRQV VWURQJO\104 
VXJJHVWLQJWKDWWKHVWUXFWXUHRI5,99,LVYHU\VLPLODUWRWKDWRI5)LJXUH6'1+64&VSHFWUD105 
RIERWK5DQG5,99,DWYDULDEOHSUHVVXUHVXSWRNEDUVKRZH[WHQVLYHFKHPLFDOVKLIWFKDQJHVGXH106 
WRSUHVVXUH)LJXUH6KLIWFKDQJHVRIWKLVPDJQLWXGHDUHFRPPRQ.LWDKDUDHWDODQGDVLV107 
QRUPDOO\REVHUYHGPRVW1DQG+1QXFOHLPRYHWRKLJKHUUHVRQDQFHIUHTXHQFLHVDWHOHYDWHGSUHVVXUH108 
)RUPRVWDPLGHJURXSVFRPSUHVVLRQUHVXOWVLQDQLQFUHDVHGSRODUL]DWLRQRIWKH+1ERQGFDXVLQJWKH109 
FKHPLFDO VKLIWV RI +1 DQG 1 WR PRYH WR KLJKHU IUHTXHQFLHV DV WKH DPLGH SURWRQ EHFRPHV PRUH110 
GHVKLHOGHGDQGWKHDPLGHQLWURJHQEHFRPHVPRUHVKLHOGHG,QPRVWSURWHLQVWKHPDMRULW\RIUHVLGXHV111 
VKRZ DSSUR[LPDWHO\ OLQHDU SUHVVXUHGHSHQGHQW FKHPLFDO VKLIW FKDQJHV ZKLOVW D IHZ UHVLGXHV KDYH112 
FXUYHGTXDGUDWLFVKDSHV+RZHYHUKHUHVRPHUHVRQDQFHVKDYHYHU\XQXVXDOFXUYHGSUHVVXUHWLWUDWLRQ113 
GDWD )LJXUH  LQVHW LQGLFDWLQJ DQ XQXVXDOO\ VWURQJ SUHVVXUH GHSHQGHQFH SDUWLFXODUO\ LQ 5 7KH114 
FXUYDWXUHVWURQJO\VXJJHVWVWKDWDQDOWHUQDWLYHFRQIRUPDWLRQLVSUHVHQWZLWKDKLJKSRSXODWLRQ6LQFHLWLV115 
ZLGHO\ DJUHHG WKDW 5 LV LQ HTXLOLEULXP EHWZHHQ FORVHG DQG RSHQ VWDWHV ZH LGHQWLI\ WKLV DOWHUQDWLYH116 
FRQIRUPDWLRQDVWKHRSHQVWDWH7KH5WDOLQGRPDLQWKXVSURYLGHVDQLQWHUHVWLQJWHVWFDVHIRUDQDO\VLV117 
RISUHVVXUHGHSHQGHQWGDWD&KHPLFDOVKLIWVDWYDULDEOHSUHVVXUHZHUHDOVRPHDVXUHGIRU&Į&ȕDQG&
118 
QXFOHL XVLQJ ' +1&2&$&% DQG ' +1&2 VSHFWUD 0RVW QXFOHL ZHUH LQ IDVW H[FKDQJH DW DOO119 
SUHVVXUHVDOWKRXJKDIHZ&ĮDQG&ȕQXFOHLEURDGHQHGDWKLJKHUSUHVVXUHV/DUJHVFDOHFRQIRUPDWLRQDO120 
H[FKDQJHW\SLFDOO\VORZVDWKLJKSUHVVXUHV:LOOLDPVRQLPSO\LQJWKDWWKLVEURDGHQLQJLVGXHWR121 
SUHVVXUHGHSHQGHQW FRQIRUPDWLRQDO H[FKDQJH7KLV UHVXOW LPSOLHVD FRQIRUPDWLRQDO H[FKDQJH UDWHRI122 
DURXQGVDWDPELHQWSUHVVXUHFRQVLVWHQWZLWKDODUJHVFDOHKLQJHEHQGLQJ 123 
$VDILUVWVWHSWKHFKHPLFDOVKLIWYVSUHVVXUHGDWDZHUHILWWHGWRDTXDGUDWLFH[SUHVVLRQIROORZLQJ124 
FRPPRQSUDFWLFH.LWDKDUDHWDO1HLWKHU5QRU5,99,JDYHDJRRGILWWRWKHGDWDZLWKDODUJH125 
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QXPEHURIERWKDPLGHSURWRQDQGQLWURJHQFKHPLFDOVKLIWVJLYLQJDSRRUILW)LJXUH60DSSLQJWKHVH126 
UHVLGXHVRQWRWKHVWUXFWXUHJDYHQRSHUFHSWLEOHSDWWHUQ)LJXUH6$:HDOVRWULHGILWWLQJWKHGDWDWRD127 
FXELFHTXDWLRQWKLVEHLQJWKHPRVWREYLRXVSURJUHVVLRQIURPDTXDGUDWLFDVLWLQFOXGHVWKHQH[WWHUPRI128 
WKH 7D\ORU H[SDQVLRQ 7KH ILW ZDV PXFK EHWWHU EXW WKHUH UHPDLQHG D VLJQLILFDQW QXPEHU RI SHDNV129 
V\VWHPDWLFDOO\ QRW ILWWLQJZHOO )LJXUH6 WKDW DJDLQ VKRZHGQRREYLRXVSDWWHUQRIGLVWULEXWLRQZKHQ130 
PDSSHGRQWRWKHVWUXFWXUHRIWKHSURWHLQ 131 
7KH SUHVVXUHGHSHQGHQW FKHPLFDO VKLIWV ZHUH SURFHVVHG XVLQJ 69' LQ RUGHU WR UHGXFH WKH132 
DPRXQWRIH[SHULPHQWDOQRLVHLQWKHSHDNSRVLWLRQV7KHUHVXOWLQJVLQJXODUYDOXHVDUHSORWWHGLQ)LJXUH133 
$IRUWKHFRPELQHGILWWLQJRIWKHEDFNERQHDPLGH1+DQG1VLJQDOVRI52WKHUGDWDDUHVLPLODU,WLV134 
FOHDUWKDWWKHILUVWWKUHHVLQJXODUYDOXHVFRQWULEXWHWRWKHVSUHDGRIGDWDEXWLWLVQRWREYLRXVZKHWKHUWKH135 
IRXUWKLVDOVRQHHGHG,QRWKHUZRUGVDWOHDVWWKUHHFKHPLFDOVKLIWFRPSRQHQWVDUHQHHGHGIRUDGHTXDWH136 
JOREDOILWWLQJRIWKHGDWD,QVSHFWLRQRIWKHDFWXDOGDWDVKRZVWKDWPRVWUHVLGXHVDUHLQGHHGILWWHGZHOOE\137 
RQO\WKUHHFRPSRQHQWVLQRWKHUZRUGVWKH\ILWZHOOWRDTXDGUDWLFHTXDWLRQEXWWKDWDVPDOOJURXSDUH138 
QRWHJ)LQ)LJXUH62QHVKRXOGDOVREHDEOHWRWHOOKRZPDQ\FRPSRQHQWVDUHQHFHVVDU\E\139 
ORRNLQJDW WKHYLYHFWRUV$UDLHWDO+HQU\DQG+RIULFKWHUHVVHQWLDOFRPSRQHQWVVKRXOG140 
KDYHYHFWRUVZLWKVPRRWKVKDSHDQGKLJKDXWRFRUUHODWLRQ7KHILUVWILYHYHFWRUVDUHVKRZQLQ)LJXUH%141 
DJDLQLQGLFDWLQJWKDWWKHILUVWWKUHHFRPSRQHQWVDUHFOHDUO\QHHGHGEXWQRWGHILQLQJFOHDUO\ZKHWKHUWKH142 
IRXUWKLVDOVRQHFHVVDU\7KHGDWDVXJJHVWWKDWQRPRUHWKDQIRXUDUHQHHGHG 143 
:HKDYHDOUHDG\VHHQ)LJXUHV6DQG6WKDWPDQ\UHVRQDQFHVGRQRWILWZHOOWRDTXDGUDWLF144 
H[SUHVVLRQZKLFKKDVWKUHHYDULDEOHVEXWPRVWILWUHDVRQDEO\ZHOOWRDFXELFHTXDWLRQZLWKIRXUYDULDEOHV145 
2XUSURSRVHGFKHPLFDOVKLIWHTXDWLRQ(TKDVIRXUFRPSRQHQWV:HWKHUHIRUHVHWDOOVLQJXODUYDOXHV146 
ZLWKUDQNKLJKHUWKDQWR]HURDQGUHFDOFXODWHGDKLJKTXDOLW\µQRLVHIUHH¶GDWDVHW'¶ 147 
 148 
)LWWLQJRI5FKHPLFDOVKLIWFKDQJHVWR(T 149 
7KHFROXPQYHFWRUVRI8¶UHSUHVHQWWKHFKHPLFDOVKLIWVRIHDFKVSHFLHVSUHVHQWEXWQRWLQDZD\WKDW150 
QRUPDOO\DOORZVWKHVKLIWVWREHH[WUDFWHG,NHGDHWDO,WLVWKXVFRPPRQSUDFWLFHWRWDNHWKHGDWD151 
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IURP WKH 69' DQDO\VLV DQG JR RQ WR ILW WKLV µQRLVHIUHH¶ GDWD WR SK\VLFDOO\ UHDVRQDEOH PRGHOV LQ D152 
FRQYHQWLRQDOZD\+HQU\DQG+RIULFKWHU(TFRQWDLQVWZRJOREDOYDULDEOHV'G, the difference 153 
LQIUHHHQHUJ\EHWZHHQWKHJURXQGVWDWHDQGWKHH[FLWHGVWDWHDQG'V, the difference in volume between 154 
WKHVH WZRVWDWHV WRJHWKHUZLWK IRXU UHVRQDQFHVSHFLILFYDULDEOHV G1'G1G2DQG'G2GLVFXVVHG LQ155 
GHWDLOEHORZ:HILUVWREWDLQHGILWVIRUWKHJOREDOYDULDEOHV'G and 'V, usinJWKHQXFOHLPRVWVHQVLWLYHWR156 
SUHVVXUHGHSHQGHQWSRSXODWLRQFKDQJHVLHWKH+11DQG&¶QXFOHLWKDWJDYHWKHODUJHVWF2YDOXHVZKHQ157 
D TXDGUDWLF H[SUHVVLRQ ZDV ILWWHG WR WKH µQRLVHIUHH¶ FKHPLFDO VKLIW YV SUHVVXUH GDWD )LJXUH 6158 
6LPXOWDQHRXVILWWLQJWR(TIRUWKHVHQXFOHLUHVXOWHGLQDUREXVWJOREDOILWIRU'G and 'V of -1.6 r 27 J 159 
PRODQGr 0.53 kJ molNEDUUHVSHFWLYHO\HTXLYDOHQWWRDYROXPHGLIIHUHQFHRIPOPRO7KH160 
YROXPH FKDQJH IDOOV LQWR WKH PLGGOH RI WKH W\SLFDO UDQJH .LWDKDUD HW DO  EXW WKH IUHH HQHUJ\161 
GLIIHUHQFHLVYHU\VPDOODQGLPSOLHVWKDWWKHJURXQGVWDWHFORVHGFRQIRUPDWLRQDQGWKHH[FLWHGVWDWH162 
RSHQFRQIRUPDWLRQKDYHHVVHQWLDOO\HTXDOSRSXODWLRQVDWEDU7KLVLVDQXQXVXDODQGYHU\VLJQLILFDQW163 
UHVXOWEHFDXVHQRUPDOO\WKHKLJKSUHVVXUHH[FLWHGVWDWHLVSRSXODWHGWRRQO\DIHZSHUFHQWDWDPELHQW164 
SUHVVXUH,QWKLVZRUNZHKDYHLGHQWLILHGDQRSHQFRQIRUPDWLRQIRU5DQGPHDVXUHGLWVSRSXODWLRQ165 
7KHODUJHSRSXODWLRQRIWKHH[FLWHGVWDWHSURYLGHVDJRRGH[SODQDWLRQIRUWKHXQXVXDOO\FXUYHGSUHVVXUH166 
GHSHQGHQWFKHPLFDOVKLIWV 167 
'G and 'V were then fixed, and the data for all nuclei were fitted to obtain the four resonance-168 
VSHFLILFYDULDEOHVG1'G1G2DQG'G2GLVFXVVHGLQGHWDLOEHORZ7KLVLVHIIHFWLYHO\WKHVDPHQXPEHU169 
RI YDULDEOHVDVXVHG IRU ILWWLQJDJDLQVW D FXELFHTXDWLRQ:KHUHDV ILWWLQJ WRD FXELFH[SUHVVLRQJLYHV170 
SDWWHUQVRIUHVLGXDOVWKDWFOHDUO\LQGLFDWHV\VWHPDWLFHUURUV)LJXUH6ILWWLQJWR(TJLYHVDOPRVWQR171 
UHVLGXDO HUURUV 7KH ODUJHVW LQGLYLGXDO GHYLDWLRQ ZDV  SSP DQG WKH RYHUDOO URRWPHDQVTXDUH172 
GLIIHUHQFHEHWZHHQH[SHULPHQWDODQGFDOFXODWHGGDWDZDVr 0.0045 ppm. It is remarkable that 173 
VXFKXQXVXDOFKHPLFDOVKLIWSDWWHUQVFDQEHILWWHGVRZHOOE\WKLVVLPSOHHTXDWLRQ)LJXUH7KHIDFWWKDW174 
WKHH[SHULPHQWDOVKLIWVFDQEHILWWHGVRZHOOE\(TLVQRWFRQFOXVLYHSURRIWKDW5PXVWEHIROORZLQJ175 
WKH%ROW]PDQQGLVWULEXWLRQGHVFULEHGE\(TEXWGRHVLPSO\WKDW(TLVDJRRGPRGHOIRUWKHV\VWHP176 
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%HFDXVH(TGHVFULEHVWKHVLPSOHVWSRVVLEOHPRGHOFRPSULVLQJWKHOHDVWQXPEHURIILWWHGYDULDEOHVWKDW177 
LVFRPSDWLEOHZLWKWKHGDWDZHGLGQRWWHVWRWKHUPRUHFRPSOH[PRGHOV 178 
 179 
6WUXFWXUHRI5RSHQFRQIRUPDWLRQIURPILWWHGFKHPLFDOVKLIWYDOXHV 180 
)RUHDFKQXFOHXV ILWWLQJ WR(TUHWXUQV IRXUYDULDEOHVG1 WKHFKHPLFDOVKLIWRI WKHJURXQGVWDWHDW181 
DPELHQWSUHVVXUH'G1WKHOLQHDUSUHVVXUHGHSHQGHQWFKHPLFDOVKLIWFKDQJHRIWKHJURXQGVWDWHG2WKH182 
FKHPLFDOVKLIWRIWKHH[FLWHGVWDWHDWDPELHQWSUHVVXUHDQG'G2WKHOLQHDUSUHVVXUHGHSHQGHQWFKHPLFDO183 
VKLIWFKDQJHRIWKHH[FLWHGVWDWH7KLVUHSUHVHQWVDPDMRULQFUHDVHLQLQIRUPDWLRQFRQWHQWFRPSDUHGWR184 
WKHVWDQGDUGILWWLQJSURFHGXUHXVLQJDTXDGUDWLFH[SUHVVLRQEHFDXVHWKHG1DQGG2ILWWHGFKHPLFDOVKLIW185 
YDOXHVSURYLGHGHWDLOHGVWUXFWXUDOLQIRUPDWLRQDERXWWKHFORVHGDQGRSHQIRUPV6LJQLILFDQWO\WKHVHDUH186 
WKHFKHPLFDOVKLIWVRIHDFKIRUPDWDPELHQWSUHVVXUHDQGFDQWKHUHIRUHEHLQWHUSUHWHGZLWKRXWWKHQHHG187 
WRWDNHLQWRDFFRXQWWKHHIIHFWVRISUHVVXUHRQFKHPLFDOVKLIWV:LOWRQHWDO&KHPLFDOVKLIWVDUH188 
SRZHUIXOVWUXFWXUDOFRQVWUDLQWVDVLQGLFDWHGE\WKHVXFFHVVRISURJUDPVVXFKDV&6526(77$6KHQHW189 
DO7KHG1DQGG2FKHPLFDOVKLIWYDOXHVIRU+11&D, CEDQG&¶QXFOHLZHUHXVHGDVLQSXWWR190 
7$/261 6KHQ DQG %D[  ZKLFK VKRZV WKDW WKH FORVHG VWUXFWXUH LV FRQVLVWHQW ZLWK WKH105191 
VWUXFWXUH/$*RXOWHWDODQGFRPSULVHVDIRXUKHOL[EXQGOHZLWKUDQGRPFRLOWHUPLQL)LJXUH192 
7KHRSHQVWUXFWXUHKDVDOOIRXUD-helices remaining intact with only minor conformational differences 193 
ZLWKLQWKHD-helices compared to the closed structure. There are some differences in the loops between 194 
WKH D-helices, particularly between helices 1 and 2. However, thH 7$/261 SUHGLFWLRQV DUH OHDVW195 
FRQILGHQW LQ WKH ORRSV DQG LW LV WKHUHIRUH QRW SRVVLEOH WR FDOFXODWH D GHWDLOHG VWUXFWXUH IRU WKH RSHQ196 
FRQIRUPDWLRQXVLQJ7$/261DORQH 197 
:HWKHUHIRUHFRQVLGHUZKDW LQIRUPDWLRQFDQEHREWDLQHGIURPWKHGLIIHUHQFHVLQFKHPLFDOVKLIW198 
EHWZHHQWKHFORVHGDQGRSHQIRUPV'G = G1 G22IWKHVHGLIIHUHQFHVIRU&D DQG&ȕDUHWKHVLPSOHVW199 
WRLQWHUSUHWEHFDXVHWKH\GHSHQGPDLQO\RQEDFNERQHGLKHGUDODQJOHVDQGWRVRPHH[WHQWRQVLGHFKDLQ200 
GLKHGUDODQJOHVDQGK\GURJHQERQGLQJWRWKHEDFNERQH,ZDGDWHHWDOZKHUHDV+11DQG&
DUH201 
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DOVRVWURQJO\DIIHFWHGE\K\GURJHQERQGLQJWRWKHDPLGHJURXSDVDZKROH7KHODUJHVWGLIIHUHQFHVLQ&D 202 
DQG&ȕFKHPLFDOVKLIWV)LJXUHDUHPDLQO\IRXQGIRUUHVLGXHVLQKHOL[WRJHWKHUZLWKWKRVHDWWKH1203 
WHUPLQDOHQGRIKHOL[DQGLQWKHWXUQEHWZHHQWKHPZKLOVWVPDOOHUGLIIHUHQFHVDUHQRWHGIRUUHVLGXHVLQ204 
KHOLFHVDQG7KLVGLVWULEXWLRQRIFKHPLFDOVKLIWGLIIHUHQFHVVXJJHVWVWKDWLQWKHRSHQIRUPKHOL[KDV205 
GHWDFKHGIURPWKHUHVWRIWKHEXQGOHZKHUHLWVPDLQFRQWDFWLQWKHFORVHGIRUPLVZLWKWKH1WHUPLQDOHQG206 
RIKHOL[)LJXUH7KHFKHPLFDOVKLIWVRIWKHRSHQIRUPGRQRWDOORZXVWRFDOFXODWHWKHDQJOHEHWZHHQ207 
KHOLFHVDQG+1DQG1VKLIWV)LJXUH6$%VXSSRUWWKLVFRQFOXVLRQZKLOHWKH&
VKLIWVDUHVLPLODU208 
EXWOHVVXVHIXO)LJXUH6&&KHPLFDOVKLIWGLIIHUHQFHVIRUWKHUDQGRPFRLOUHJLRQDWWKH1WHUPLQXVDUH209 
YHU\VPDOOLQDOOFDVHVVKRZLQJWKDWWKHUHLVQRFKDQJHWRWKHUDQGRPFRLOVWUXFWXUHZKLFKSURYLGHVD210 
XVHIXOLQWHUQDOFRQWUROIRUWKHTXDOLW\RIWKHFKHPLFDOVKLIWDQDO\VLV 211 
:HKDYHDOVRDQDO\]HGWKHGLIIHUHQFHVLQSUHVVXUHGHSHQGHQWJUDGLHQWVEHWZHHQWKHFORVHGDQG212 
RSHQIRUPV'gradient = 'G1 'G2)LJXUHVDQG67KHJUDGLHQWUHSRUWVRQKRZWKHFKHPLFDOVKLIWRI213 
WKHQXFOHXVDOWHUVZLWKLQFUHDVLQJSUHVVXUHDQGLVDPHDVXUHRIORFDOFRPSUHVVLELOLW\ .LWDKDUDHWDO214 
'gradient values can therefore highlight regions where the compressibility has changed between 215 
WKHFORVHGDQGRSHQFRQIRUPDWLRQV&RPSUHVVLELOLW\LVGHWHUPLQHGWRDODUJHH[WHQWE\VXUIDFHH[SRVXUH216 
ZLWK ODUJH QHJDWLYH 'gradient values indicating regions where the open structure (state 2) is more 217 
FRPSUHVVLEOHZKLFKLQJHQHUDOPHDQVPRUHVROYHQWH[SRVHG([DPLQDWLRQRI'gradient values for CĮ218 
DQG&ȕ)LJ6&DQG'VKRZVWKDWKHOLFHVDQGKDYHWKHODUJHVWFKDQJHVEHFRPLQJJHQHUDOO\PRUH219 
H[SRVHGLQWKHRSHQVWDWH 220 
7KHFKHPLFDOVKLIWVRIDPLGHSURWRQVDUHVWURQJO\DIIHFWHGE\K\GURJHQERQGLQJ :LOOLDPVRQ221 
7KH'gradient values therefore provide insights into hydrogen bonding in the open form. To 222 
LQWHUSUHWWKH'gradient values, it is helpful to consider temperature-dependent shift gradients of amide 223 
SURWRQV$OWKRXJK LQJHQHUDOQRQK\GURJHQERQGHG+1KDYHPRUHQHJDWLYHJUDGLHQWV WKDQK\GURJHQ224 
ERQGHG+1%D[WHUDQG:LOOLDPVRQVWURQJO\K\GURJHQERQGHG+1KDYHDPRUHQHJDWLYHJUDGLHQW225 
WKDQZHDNO\K\GURJHQERQGHG+1EHFDXVHWKHVHSURWRQVDUHKLJKO\GHVKLHOGHGE\WKHK\GURJHQERQG226 
DQGDUHWKHUHIRUHPRVWDIIHFWHGE\VPDOOFKDQJHVLQERQGOHQJWK7RPOLQVRQDQG:LOOLDPVRQ,Q227 
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WKHVDPHZD\DPLGHSURWRQVLQVWURQJK\GURJHQERQGVKDYHODUJHUSUHVVXUHGHSHQGHQWVKLIWJUDGLHQWV228 
WKDQWKRVHLQZHDNK\GURJHQERQGV&RQVHTXHQWO\SRVLWLYH+1'gradient values indicatHDPLGHSURWRQV229 
WKDW KDYH VKRUW K\GURJHQ ERQGV LQ WKH FORVHG IRUP ZKLOH QHJDWLYH'gradient values indicate amide 230 
SURWRQVZLWKVKRUWHUK\GURJHQERQGVLQWKHRSHQIRUP7KH'gradient values are shown in Figure 7A. 231 
7KURXJKRXWWKHSURWHLQEXWSDUWLFXODUO\LQKHOLFHVDQGWKHODUJHQHJDWLYH'gradients tend to be on 232 
WKHRXWHUIDFHVRIKHOLFHVZKLOHODUJHSRVLWLYH'gradients tend to be on the inner faces. The closed NMR 233 
VWUXFWXUHLVFRPSRVHGRIIRXUQRWLFHDEO\FXUYHGD-helices, and the data therefore indicatHWKDWIROORZLQJ234 
WKHWZLVWLQJRXWRIKHOL[IURPWKHEXQGOHWKLVKHOL[EHFRPHVVWUDLJKWHUDVDFRQVHTXHQFHRIEHLQJIXOO\235 
VROYDWHGE\EXONVROYHQWLQWKHRSHQVWDWH7KHORVVRIKHOL[IURPWKHEXQGOHWKHQDOORZVWKHUHPDLQLQJ236 
WKUHHKHOLFHVWREHFRPHVRPHZKDWVWUDLJKWHUDVWKHSURWHLQLVVROYDWHGGLIIHUHQWO\ 237 
 238 
)LWWLQJRI5,99,FKHPLFDOVKLIWFKDQJHVWR(T 239 
'DWDIRU5,99,ZHUHILWWHGLQDVLPLODUZD\WRWKDWGHVFULEHGIRU5DOWKRXJKLQWKLVFDVHXVLQJRQO\+1240 
DQG1VKLIWVEHFDXVHWKHSURWHLQZDV1ODEHOOHG$VIRU5ILWWLQJWKHGDWDWRDTXDGUDWLFHTXDWLRQ241 
JLYHVDSRRU ILW )LJXUH6%+RZHYHU WKHGDWDDJDLQ ILWWHGZHOO WR WKH IRXUFRPSRQHQWPRGHO(T242 
PD[LPXPGHYLDWLRQ SSPRYHUDOOURRWPHDQVTXDUHGLIIHUHQFH SSPEXWZLWK243 
GLIIHUHQWJOREDOSDUDPHWHUV'G = 0.84 kJ molDQG'V = 3.98 kJ molNEDUPOPRO7KXVWKH244 
IUHHHQHUJ\GLIIHUHQFHLVODUJHUIRU5,99,DOWKRXJKVWLOOVPDOOIRUH[DPSOHFRPSDUHN-PROIRU245 
XELTXLWLQ.LWDKDUDHWDODQGN-PROIRUKDPVWHUSULRQ.XZDWDHWDODQGLPSOLHVD246 
SRSXODWLRQRIWKHH[FLWHGVWDWHRIDWDPELHQWSUHVVXUH7KHKLJKHUHQHUJ\RIWKHH[FLWHGVWDWHUHODWLYH247 
WRWKHJURXQGVWDWHH[SODLQVZK\WKHFKHPLFDOVKLIWFKDQJHVDUHPRUHW\SLFDODQGOHVVGUDPDWLFDOO\FXUYHG248 
ZKHQFRPSDUHGWR5ZKLOHWKHVPDOOHUSRSXODWLRQH[SODLQVZK\5,99,ELQGVPRUHZHDNO\WRYLQFXOLQ249 
7KHYROXPHFKDQJHIRU5,99,LVODUJHUWKDQIRU5SUHVXPDEO\DVDFRQVHTXHQFHRIDODUJHUSDUWLDO250 
PRODUYROXPHDODUJHUYROXPHRISDFNLQJGHIHFWVLQWKHFORVHGVWDWHRIWKHPXWDQW5,99, 251 
$GHWDLOHGDQDO\VLVRI SUHVVXUHGHSHQGHQW FKHPLFDO VKLIW FKDQJHV IRU5,99,XVLQJ WKH69'252 
SURFHGXUHJDYHVLPLODUUHVXOWVWRWKRVHREWDLQHGIRU5)LJXUH67KHFKHPLFDOVKLIWGLIIHUHQFHV'G = 253 
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G1R±G2REHWZHHQJURXQGDQGH[FLWHGVWDWHVIROORZHGDVLPLODUSDWWHUQWRWKH5GDWDZLWKWKHODUJHVW254 
FKDQJHV IRXQG LQ KHOLFHV  DQG  )LJXUH 6 7KH GLIIHUHQFHV LQ SUHVVXUHGHSHQGHQW JUDGLHQWV255 
'gradient = 'G1  'G2 )LJXUH 6 DOVR VKRZ D VLPLODU SURILOH )LJXUH  LPSO\LQJ DQ DQDORJRXV256 
VWUDLJKWHQLQJ RXW RI KHOLFHV LQ WKH RSHQ VWDWH RI 5,99, :H WKHUHIRUH FRQFOXGH WKDW WKH SULPDU\257 
PHFKDQLVPUHVXOWLQJLQWKHIDVWFRQIRUPDWLRQDOH[FKDQJHREVHUYHGDWDOOSUHVVXUHVLQVROXWLRQEHWZHHQ258 
WKHFORVHGDQGRSHQVWDWHVIRUERWK5DQG5,99,LVWKHWZLVWLQJRXWRIKHOL[IURPWKHIRXUKHOL[EXQGOH259 
GRPDLQ IROORZHGE\VROYDWLRQRI WKLVKHOL[ WRJHWKHUZLWKDVXEWOHFKDQJH LQSDFNLQJRI WKH UHPDLQLQJ260 
WKUHHKHOL[EXQGOH 261 
 262 
',6&866,21 263 
$ QXPEHU RI SXEOLFDWLRQV KDYH GHPRQVWUDWHG WKH XVH RI KLJK SUHVVXUH105 VSHFWURVFRS\ WR UHYHDO264 
GHWDLOVRIKLJKHUHQHUJ\FRQIRUPHUV WKDWDUH LQ IDVWH[FKDQJHZLWK WKHJURXQGVWDWH $NDVDND265 
.DOELW]HU HW DO  .LWDKDUD HW DO  6XFK GDWD DUH LPSRVVLEOH WR FKDUDFWHUL]H E\ 105266 
DSSURDFKHVXQGHUQRUPDOFRQGLWLRQVVLQFHVLJQDOVDUHDYHUDJHGLQWKLVH[FKDQJHUHJLPH,QWKLVZRUN267 
ZHKDYHLQWURGXFHGWZRPHWKRGVWKDWVKRXOGSURYHJHQHUDOO\XVHIXOWRVXFKDQDO\VHV7KHILUVWLVWRPDNH268 
XVHRIVLQJXODUYDOXHGHFRPSRVLWLRQ69'$OWKRXJK69'KDVEHHQDSSOLHGWR105GDWDEHIRUH$UDL269 
HWDO-DXPRWHWDO0DWVXXUDHWDO6DNXUDLDQG*RWRLWVXVHKDVEHHQOLPLWHG270 
7ZRLPSRUWDQWDSSOLFDWLRQVRI69'DUHWRGHWHUPLQHWKHQXPEHURIFRPSRQHQWVUHTXLUHGWRILWWKHGDWD271 
DQGWKHQWREDFNFDOFXODWHDGDWDVHWZLWKJUHDWO\UHGXFHGQRLVHE\]HURLQJHYHU\WKLQJDSDUW IURPWKH272 
UHTXLUHGFRPSRQHQWVWKXVSURYLGLQJDPXFKPRUHVHFXUHEDVLVIRUILWWLQJ69'DQDO\VLVFDQEHFDUULHG273 
RXW XVLQJ WKH ZLGHO\ DYDLODEOH 0DWODE, which makes it straightforward to do (Supplementary 274 
,QIRUPDWLRQ 275 
6HFRQGZHILWWHGWKHGDWDWRDQHTXDWLRQ(TZKLFKPRGHOVWKHREVHUYHGSUHVVXUHGHSHQGHQW276 
FKHPLFDOVKLIWXVLQJWZRFRQIRUPDWLRQDOVWDWHVZKRVHSRSXODWLRQVGHSHQGRQSUHVVXUHDQGIRUZKLFK277 
ERWKVWDWHVFDQDOVRXQGHUJRDOLQHDUSUHVVXUHGHSHQGHQWFRPSUHVVLRQ7KHGDWDILWWHGUHPDUNDEO\ZHOO278 
WRWKLVHTXDWLRQDQGWKHILWWLQJ\LHOGHGSDUDPHWHUVWKDWUHYHDOPXFKPRUHDERXWWKHXQGHUO\LQJVWUXFWXUDO279 
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FKDQJHVWKDQZKHQILWWLQJWRDTXDGUDWLFH[SUHVVLRQ,QSDUWLFXODUZHVKRZHGWKDWZHFDQDFFXUDWHO\280 
TXDQWLI\WKHUHODWLYHIUHHHQHUJLHVRIWKHWZRVWDWHVDQGWKHLUSRSXODWLRQV'HVSLWHWKHREVHUYHGFKHPLFDO281 
VKLIWVEHLQJDSRSXODWLRQZHLJKWHGDYHUDJHRIWKHWZRVWDWHVVRWKDWQHLWKHUWKHSXUHFORVHGQRURSHQ282 
VWDWHFDQEHREVHUYHGGLUHFWO\WKHGHULYHGFKHPLFDOVKLIWYDOXHVIRUWKHFORVHGG1RDQGRSHQG2RIRUPV283 
FDQ EH XVHG VWUDLJKWIRUZDUGO\ WR GHWHUPLQH WKH VWUXFWXUHV RI WKHVH WZR VWDWHV DQG FKHPLFDO VKLIW284 
GLIIHUHQFHV G1R ± G2R KLJKOLJKW ZKHUH VWUXFWXUDO GLIIHUHQFHV DUH ORFDWHG ,Q DGGLWLRQ WKH JUDGLHQW285 
GLIIHUHQFHV'G1 'G2LQGLFDWHWKHUHJLRQVZKHUHVROYHQWH[SRVXUHFKDQJHVRQSUHVVXUHSHUWXUEDWLRQ286 
7KLVLVOLNHO\WREHDJHQHUDOUHVXOW$QDOWHUQDWLYHDSSURDFKZDVGHVFULEHGUHFHQWO\(UODFKHWDO287 
ZKLFK SURYLGHV HVWLPDWHV RI WKH UDWLR RI WKH GLIIHUHQFH LQ FRPSUHVVLELOLW\ IDFWRUV DQG SDUWLDO PRODU288 
YROXPHV)RUPRUHOLQHDUSUHVVXUHGHSHQGHQWVKLIWVWKDWDSSURDFKPD\SURYHPRUHWUDFWDEOH 289 
,WLVLPSRUWDQWWRHPSKDVL]HWKDWWKHKLJKK\GURVWDWLFSUHVVXUHXVHGKHUHLVDWRROWRDOORZXVWR290 
FKDUDFWHUL]HWKHFORVHGDQGRSHQVWDWHV,WLVQRWLQWHQGHGDVDPLPLFRIWKHIRUFHDSSOLHG LQYLYRDQG291 
KHQFH LV D JHQHUDO WHFKQLTXH IRU FKDUDFWHUL]LQJ DQ\ FRQIRUPDWLRQDO FKDQJH LQ SURWHLQV :H KDYH292 
GHVFULEHGWZRFRQIRUPDWLRQVRI5WKDWDUHSRSXODWHGDOPRVWHTXDOO\XQGHURXUFRQGLWLRQVDQGZKLFK293 
H[FKDQJHUDSLGO\RQWKH105WLPHVFDOH7KHDSSOLFDWLRQRIIRUFHDOVRLQGXFHVDFKDQJHEHWZHHQWZR294 
FRQIRUPDWLRQVZLWKDUDSLGWUDQVLWLRQ:HSURSRVHWKDWWKHWZRFRQIRUPDWLRQVWKDWDUHVHHQE\SUHVVXUH295 
DQG WKH WZRFRQIRUPDWLRQVVHHQZLWK IRUFHDUH WKHVDPH7KLVSURSRVDO LVVWURQJO\VXSSRUWHGE\ WKH296 
REVHUYDWLRQWKDWWKHFRQIRUPDWLRQDOFKDQJHIURPFORVHGWRRSHQLVWKHVDPHXQGHUERWKFRQGLWLRQVDV297 
GLVFXVVHGEHORZ3UHVVXUHLQGXFHVRSHQLQJRQO\RIKHOL[OLNHO\IROORZHGE\WKHRWKHUWKUHHZKHUHDV298 
IRUFH LQGXFHV RSHQLQJ RI DOO IRXU KHOLFHV 3UHVVXUH WKHUHIRUH UHSURGXFHV RQO\ WKH ILUVW VWDJH LQ WKH299 
XQIROGLQJLQGXFHGE\IRUFHDQGWKHUHE\VXJJHVWVWKHOLNHO\SDWKZD\IRUWKHIRUFHLQGXFHGXQIROGLQJ 300 
7KLVDQDO\VLVZDVFDUULHGRXWRQZLOGW\SHDQGPXWDQWIRUPVRIWKH5GRPDLQRIWDOLQ:HVKRZHG301 
WKDW ZLOG W\SH 5 LV LQ HTXLOLEULXP EHWZHHQ WZR IRUPV HDFK RI ZKLFK LV SRSXODWHG  DW DPELHQW302 
SUHVVXUH6WDWHJURXQGVWDWHKDVKLJKHUSDUWLDOPRODUYROXPHDQGLVLGHQWLILHGDVWKHIXOO\IROGHGIRUP303 
RIWKHIRXUKHOL[EXQGOHGRPDLQDVFKDUDFWHUL]HGSUHYLRXVO\E\105*RXOWHWDO6WDWHH[FLWHG304 
VWDWHKDVDVPDOOHUYROXPHDQGLVDORFDOO\XQIROGHGVWDWH7KHGLIIHUHQFHLQYROXPHLVPOPROZKLFK305 
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LVDW\SLFDOYDOXHIRUORFDOXQIROGLQJEXWLVVPDOOIRUFRPSOHWHXQIROGLQJRIWKHHQWLUHGRPDLQ5R\HU306 
7$/261VKRZVWKDWDOOIRXUKHOLFHVDUHVWLOOSUHVHQW7KHQDWXUHRIWKHVWUXFWXUDOFKDQJHLVVKRZQPRVW307 
FOHDUO\E\DQDO\VLVRIWKHGLIIHUHQFHLQ&D DQG&ȕFKHPLFDOVKLIWVG1R±G2REHWZHHQWKHWZRVWDWHVZKLFK308 
LQGLFDWHVWKDWKHOL[LVWZLVWHGRXWIURPWKHUHVWRIWKHSURWHLQ3UHVVXUHGHSHQGHQWH[FKDQJHEURDGHQLQJ309 
LPSOLHVDFRQIRUPDWLRQDOH[FKDQJHUDWHRIDURXQGVFRQVLVWHQWZLWKDKLQJHPRWLRQRIWKLVW\SH310 
$QDO\VLVRIJUDGLHQWGLIIHUHQFHV 'G1 'G2 LQGLFDWHV WKDWDOOKHOLFHVEXWSDUWLFXODUO\KHOLFHVDQG311 
EHFRPHPRUHOLQHDUOHVVFXUYHGLQWKHRSHQVWDWH5,99,KDVVLPLODUVWUXFWXUDOFKDQJHVEXWKDVD312 
ODUJHUGLIIHUHQFHLQIUHHHQHUJ\EHWZHHQFORVHGDQGRSHQVWDWHV 313 
3UHYLRXVVWXGLHVKDYHVKRZQWKDW5,$0ELQGVWRDQH[SRVHGVXUIDFHFRPSRVHGIURPKHOLFHV314 
DQGRI5)LJXUH$UHTXLULQJYHU\OLWWOHFRQIRUPDWLRQDOFKDQJHLQ5*RXOWHWDO,QFRQWUDVW315 
YLQFXOLQELQGVWRWKHVDPHWZRKHOLFHVEXWPDLQO\WRUHVLGXHVRQWKHRSSRVLWHIDFHZKLFKDUHEXULHGLQ316 
WKHLQWDFWGRPDLQ)LJXUH%*RXOWHWDO%LQGLQJRI5,$0DQGYLQFXOLQWR5LVPXWXDOO\H[FOXVLYH317 
*RXOWHWDO,QDJUHHPHQWZLWKWKLVLWKDVEHHQVKRZQWKDWELQGLQJYLQFXOLQUHTXLUHVWKHXQIROGLQJ318 
RI5*RXOWHWDO5REHUWVDQG&ULWFKOH\,QGHHGDFU\VWDOVWUXFWXUHRIWKHYLQFXOLQKHDG319 
ERXQGWRKHOL[RI5VKRZVWKDWWKHVLQJOHWDOLQKHOL[ILWVLQWRDJURRYHRQWKHVXUIDFHRIWKHYLQFXOLQ320 
KHDGLQDFRQIRUPDWLRQWKDWZRXOGUHTXLUHFRPSOHWHVHSDUDWLRQRIKHOL[IURPWKHUHVWRIWKHGRPDLQ321 
)LOOLQJKDPHWDO0RUHRYHUWKHUHLVHYLGHQFHWKDWKHOLFHVDQGRI5FRPSRVHLQGHSHQGHQW322 
ELQGLQJVLWHVIRUYLQFXOLQVKRZQE\DQDO\VLVRIYLQFXOLQELQGLQJDVVD\VWRWDOLQV\QWKHWLFSHSWLGHV*LQJUDV323 
HWDODQGE\JHO ILOWUDWLRQVKRZLQJ IRUPDWLRQRIDFRPSOH[ *RXOWHWDO7KHRSHQ324 
VWUXFWXUHFKDUDFWHUL]HGKHUHKDVWKHYLQFXOLQVLWHRQKHOL[H[SRVHGEXWQRWZHOOHQRXJKWRILWQHDWO\LQWR325 
WKHYLQFXOLQJURRYH)LQDOO\ZHQRWHWKDWSXOOLQJRQDQ55FRQVWUXFWXVLQJPDJQHWLFWZHH]HUVZDV326 
LQWHUSUHWHGWRVKRZXQIROGLQJRI5DWDIRUFHRIDERXWS1VLPLODUWRWKHIRUFHH[SHFWHGIURPDVLQJOH327 
DFWRP\RVLQFRQWUDFWLRQ FKDUDFWHUL]HGE\DQH[WHQVLRQRIDERXWQP <DQHWDO<DRHWDO328 
7KLVGLVWDQFHFRUUHVSRQGVDSSUR[LPDWHO\WRWKHOHQJWKRI5ZKHQWKHIRXUKHOLFHVDUHRSHQHG329 
RXWFRPSOHWHO\ZKLOVWUHWDLQLQJWKHLUKHOLFLW\,QVXPPDU\DUDQJHRIH[SHULPHQWVVXJJHVWWKDW5XQIROGV330 
LQWRWKHIRXULQGLYLGXDOKHOLFHVZKHQLQWHUDFWLQJIXOO\ZLWKYLQFXOLQ\HWWKHUHVXOWVSUHVHQWHGKHUHVKRZ331 
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RQO\WKHRSHQLQJRXWRIKHOL[ZKLFKVHUYHVWRH[SRVHKHOL[\HWQRWUHQGHULWIXOO\DEOHWRELQG:H332 
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EHWZHHQWKHJURXQGVWDWHFORVHGFRQIRUPDWLRQDQGWKHH[FLWHGVWDWHRSHQFRQIRUPDWLRQ 522 
$5DQG%5,99,VKRZQRQWKHORZHVWHQHUJ\105VWUXFWXUH7KHGLVRUGHUHG1WHUPLQXVLVQRW523 
VKRZQDQGWKHFDUWRRQGHSLFWLRQVFRPSULVHUHVLGXHV$WR.7KH1DQG&WHUPLQLDUHLQGLFDWHG524 
DQGKHOLFHVDUHQXPEHUHG'gradient values > 1 standard deviation aUHVKRZQZLWKSRVLWLYHYDOXHVLQ525 
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EOXHDQGQHJDWLYHYDOXHV LQUHGZLWK ODUJHGLIIHUHQFHV!VWDQGDUGGHYLDWLRQV LQGLFDWHGDVGHHSHU526 
FRORUV)RUDJUDSKLFDOYLHZRIWKHJUDGLHQWYDOXHVIRU5DQG5,99,UHVSHFWLYHO\VHH)LJXUHV6DQG527 
6 528 
 529 
)LJXUH3URSRVHGPRGHRIDFWLRQRIWDOLQGRPDLQ5 530 
$%LQGLQJVLWHRQ5IRU5,$0LQWKHFORVHGVWDWH%%LQGLQJVLWHRQ5IRUYLQFXOLQLQWKHRSHQVWDWH531 
&,QWKHXQDFWLYDWHGIXOOOHQJWKSURWHLQ5LVFORVHGDQGKHOLFHVDQGIRUPDELQGLQJVLWHIRU5,$0532 
ZKLFK LV DEOH WR ELQG UHYHUVLEO\ WR WKH FORVHG GRPDLQ )RUFH SURYLGHG E\ PRYHPHQW RI WKH DFWLQ533 
F\WRVNHOHWRQUHODWLYHWRWDOLQSXOOVKHOL[RXWIURPWKHEXQGOHH[SRVLQJWKHELQGLQJVLWHRQKHOL[IRU534 
YLQFXOLQ7KLVHQDEOHVYLQFXOLQWRELQGIXUWKHURSHQLQJRXWWKHEXQGOHZKLFKWKHQH[SRVHVKHOL[IRUPLQJ535 
DVHFRQGYLQFXOLQELQGLQJVLWHDQG OHDGLQJWRFRPSOHWHRSHQLQJRIDOO IRXUKHOLFHV7KH,99,PXWDWLRQ536 
VWDELOL]HVWKHFORVHGVWDWHDQGGLVIDYRUVYLQFXOLQELQGLQJ 537 
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 539 
67$5Ì METHODS 540 
'HWDLOHGPHWKRGVDUHSURYLGHGLQWKHRQOLQHYHUVLRQRIWKLVSDSHUDQGLQFOXGHWKHIROORZLQJ 541 
.H\UHVRXUFHVWDEOH 542 
&RQWDFWIRUUHDJHQWDQGUHVRXUFHVKDULQJ 543 
0HWKRGVGHWDLOV 544 
 ([SUHVVLRQDQGSXULILFDWLRQRISURWHLQ 545 
+LJKSUHVVXUH105 546 
'DWDDQDO\VLV 547 
'DWDDQGVRIWZDUHDYDLODELOLW\ 548 
 549 
ABBREVIATIONS 550 
5GRPDLQ5RIWDOLQ5,99,7,79797,PXWDWLRQRI55,$05DS*73LQWHUDFWLQJ551 
DGDSWRUPROHFXOH69'VLQJXODUYDOXHGHFRPSRVLWLRQ 552 
 553 
STARÌ METHODS 554 
KEY RESOURCES TABLE 555 
REAGENT or RESOURCE SOURCE IDENTIFIER 
Bacterial and Virus Strains  
    E. coli BL21 STAR (DE3) Thermo Fisher Cat #C601003 
Chemicals, Peptides, and Recombinant Proteins 
    
15NH4Cl Sigma Aldrich Cat # 299251 
    
13C6-glucose Sigma Aldrich Cat # 389374 
    TEV protease Recombinant-In house N/A 
    Hi-Trap QFF GE-healthcare Cat #17-5053-01 
    TCEP Sigma Aldrich Cat # C4706 
    TSP Sigma Aldrich Cat # 269913 
Deposited Data 
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    R3-IVVI assignments BioMagResBank 26880 
Experimental Models: Recombinant DNA   
    pET151/D-TOPO plasmid Goult et al. 2013  
Software and Algorithms 
    SVD Matlab  
    TALOS-N Shen & Bax, 2013 https://spin.niddk.nih
.gov/bax/software/T
ALOS-N/ 
 556 
Method details 557 
([SUHVVLRQDQGSXULILFDWLRQRISURWHLQ 558 
:LOGW\SHPRXVHWDOLQIUDJPHQW5UHVLGXHVDQG5,99,PXWDQW7,79797,559 
ZHUHSUHYLRXVO\ FORQHG LQWRS(7'7232H[SUHVVLRQ YHFWRU ,QYLWURJHQ HQFRGLQJDQ1WHUPLQDO560 
KH[DKLVWLGLQHWDJ*RXOWHWDO5HFRPELQDQWSURWHLQVZHUHH[SUHVVHGDQGSXULILHGDVGHVFULEHG561 
SUHYLRXVO\*RXOWHWDO%ULHIO\SURWHLQZDVSURGXFHGLQ(FROLVWUDLQ%/67$5'(FXOWXUHG562 
LQ/%RU[0PLQLPDOPHGLXPFRQWDLQLQJJ/1+&ODQGJ/JOXFRVHRUJ/&JOXFRVH&HOOV563 
ZHUHJURZQDWR&WRDQ2'RIFRROHGWRR&DQGLQGXFHGXVLQJP0,37*IRUKRXUV564 
+LVWDJJHGSURWHLQZDVSXULILHGE\QLFNHODIILQLW\FKURPDWRJUDSK\IROORZLQJVWDQGDUGSURWRFRODQGWKHWDJ565 
ZDVUHPRYHGE\FOHDYDJHZLWK7(9SURWHDVHIROORZHGE\WKHUHYHUVHSXULILFDWLRQ3URWHLQZDVIXUWKHU566 
SXULILHG XVLQJ DQLRQ H[FKDQJH FKURPDWRJUDSK\ XVLQJ D  PO +L7UDS 4)) FROXPQ *( +HDOWKFDUH567 
3URWHLQ FRQFHQWUDWLRQV ZHUH GHWHUPLQHG XVLQJ DEVRUEDQFH DW  QP DQG FDOFXODWHG H[WLQFWLRQ568 
FRHIILFLHQWV 569 
 570 
+LJKSUHVVXUH105 571 
6DPSOHVPl) contained 1 mM R3 or R3-IVVI and were dissolved in 20 mM sodium phosphate pH 572 
P01D&OP07&(3LQ+2+2DQGSODFHGLQDFHUDPLFWXEHFRQQHFWHGWRD573 
KLJKSUHVVXUHSXPS'DHGDOXV,QQRYDWLRQV8UEDXHUHWDO6SHFWUDZHUHREWDLQHGDW.RQ574 
DQ0+]%UXNHU$YDQFH,VSHFWURPHWHUHTXLSSHGZLWKDURRPWHPSHUDWXUHSUREH5RURQD575 
0+]%UXNHU'5;VSHFWURPHWHUILWWHGZLWKDFU\RSUREH5,99,DWUHJXODUO\VSDFHGSUHVVXUHVXSWR576 
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NEDU)RU5'1+64&'+1&2&$&%DQG'+1&2VSHFWUDZHUHDFTXLUHGHYHU\EDUIURP577 
EDUWRNEDUZKLOHIRU5,99,'1+64&VSHFWUDZHUHDFTXLUHGHYHU\EDUIURPEDUWR578 
NEDU3URWRQFKHPLFDOVKLIWVZHUHUHIHUHQFHGWRWULPHWK\OVLO\O+SURSLRQDWH7636LJPD579 
$OGULFK DW  SSP 1 DQG & FKHPLFDO VKLIWV ZHUH FDOFXODWHG UHODWLYH WR 763 E\ XVH RI WKH580 
J\URPDJQHWLF UDWLRV RI 1 & DQG + QXFOHL J(1J(+    DQG J(&J(+  581 
3HDNVZHUHSLFNHGXVLQJ)HOL[)HOL[105,QF6DQ'LHJR&$DQGH[SRUWHGWRWH[WILOHV582 
5EDFNERQHDVVLJQPHQWVDWDPELHQWSUHVVXUHZHUHWDNHQIURP*RXOWHWDODQGZHUHFRQILUPHG583 
XVLQJ'+1&$&%'+1&2DQG'+1&$&2VSHFWUDDWDPELHQWSUHVVXUH%DFNERQHDVVLJQPHQWV584 
IRU5,99,DWDPELHQWSUHVVXUHZHUHREWDLQHGXVLQJVWDQGDUGWULSOHUHVRQDQFHPHWKRGVDQGKDYHEHHQ585 
GHSRVLWHGLQ%LR0DJ5HV%DQNKWWSZZZEPUEZLVFHGXXQGHUWKH%05%DFFHVVLRQFRGH 586 
 587 
'DWDDQDO\VLV 588 
69'ZDVFDUULHGRXWXVLQJ0DWODE. SVD is a well-estabOLVKHGWHFKQLTXHIRUIDFWRUL]LQJPDWULFHVUHODWHG589 
WRSULQFLSDOFRPSRQHQWDQDO\VLVDQGLVXVHGH[WHQVLYHO\LQVLJQDOSURFHVVLQJDQGVWDWLVWLFV+HQU\DQG590 
+RIULFKWHU1REOHDQG'DQLHO ,W LV UHSRUWHG WREH WKH OHDVWELDVHGZD\RIH[WUDFWLQJ WKH591 
PHDQLQJIXO GDWD IURP DQ RULJLQDO RYHUGHWHUPLQHG VHW FRQWDLQLQJ H[SHULPHQWDO QRLVH +HQU\ DQG592 
+RIULFKWHU$Q\UHDOSu TPDWUL['FDQEHIDFWRUL]HGDV 593 
 D = UWVT  594 
ZKHUH8LVDSu SXQLWDU\PDWUL[9LVDTu TXQLWDU\PDWUL[DQG97LVLWVWUDQVSRVHDQG:LVDSu T595 
GLDJRQDOPDWUL[ZKRVHGLDJRQDOHOHPHQWVViDUHUHDODQGQRQQHJDWLYH7KHViDUHFDOOHGWKHVLQJXODU596 
YDOXHVRI'DQGDUHQRUPDOO\SUHVHQWHGLQGHVFHQGLQJQXPHULFDOYDOXH7KHQXPEHUQRIQRQ]HURVi597 
GHILQHV WKH UDQN RI WKH PDWUL[ LH WKH QXPEHU RI LQGHSHQGHQW FRPSRQHQWV KHUH WKH QXPEHU RI598 
LQGHSHQGHQWPROHFXODUVSHFLHVZKRVHFKHPLFDOVKLIWVDUHUHTXLUHGLQRUGHUWRILWWKHGDWD,QSUDFWLFH599 
RQO\DIHZRIWKHViKDYHODUJHYDOXHVZLWKWKHUHPDLQGHUKDYLQJYDOXHVZKLFKDUHVPDOOEXWQRWH[DFWO\600 
]HURVLQFHWKH\DULVHIURPXQFRUUHODWHGQRLVHLQWKHH[SHULPHQWDOGDWD,WLVWKHUHIRUHSRVVLEOHWRVHWDOO601 
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WKHUDQGRPO\QHDU]HURViWR]HUROHDYLQJDUHGXFHG:¶DVDQu QGLDJRQDOPDWUL[DQGDWWKHVDPHWLPH602 
UHGXFH8DQG9WRRQO\QFROXPQV7KHUHVXOWLQJ'¶PDWUL[FDOFXODWHGIURP'¶ 8¶:¶9¶7LVWKXVDµQRLVH603 
IUHH¶YHUVLRQRI'LQZKLFKRQO\FRUUHODWHGQRLVHUHPDLQV69'LVWKHUHIRUHYHU\XVHIXOIRUDGHULYLQJ604 
WKHUDQNRI'LHWKHPLQLPXPQXPEHURILQGHSHQGHQWFRPSRQHQWVUHTXLUHGWRJHQHUDWHWKHFKHPLFDO605 
VKLIW FKDQJHV REVHUYHG DQG E UHPRYLQJ PRVW RI WKH QRLVH IURP WKH GDWD WKHUHIRUH LPSURYLQJ606 
VXEVHTXHQWILWWLQJRIWKHGDWD 607 
7KHH[SHULPHQWDOGDWDVHWZDVIDFWRUL]HGWR\LHOGWKH8:DQG9PDWULFHV7KLVDQDO\VLVZDV608 
FDUULHG RXW VHSDUDWHO\ IRU DPLGH SURWRQ DQG DPLGH QLWURJHQ FKHPLFDO VKLIWV DQG DOVR IRU ERWK VHWV609 
FRPELQHG7KHILWWLQJZDVRIVLPLODUTXDOLW\IRUDOOWKUHHVHWVDVZHUHWKHUHVXOWVDQGWKHUHIRUHZHUHSRUW610 
WKHXVHRIFRPELQHG+1DQG1VKLIWVEHFDXVHDJOREDODQDO\VLVRIDOOFKHPLFDOVKLIWYDOXHVWRJHWKHU611 
VKRXOGSURYLGHWKHPRVWUREXVWILWWLQJ$UDLHWDO,QSDUWLFXODUWKHQRLVHRQHDFKLQGLYLGXDOSRLQW612 
LVUHGXFHGLQDQLGHDOFDVHE\STZKLFKKHUHLVDSSUR[LPDWHO\DIDFWRURIZKHQFRPELQLQJ+DQG613 
1VKLIWVWRJHWKHU+HQU\DQG+RIULFKWHU7KHUDZGDWD'FRQVLVWHGRIVHSDUDWHOLVWVRIEDFNERQH614 
+11&Į&ȕDQG&
FKHPLFDOVKLIWFKDQJHVIRU5DQGEDFNERQH+1DQG1FKHPLFDOVKLIW615 
FKDQJHV IRU 5,99, DW HDFK SUHVVXUH $QDO\VLV RI WKH &Į &ȕ DQG &
 VKLIWV ZDV FDUULHG RXW616 
LQGHSHQGHQWO\EHFDXVH WKHQXPEHURI UHVLGXHVZLWKXVDEOHQRQRYHUODSSHGVLJQDOVZDVGLIIHUHQW IRU617 
HDFKJURXS5DWKHUWKDQXVLQJDEVROXWHFKHPLFDOVKLIWYDOXHVWKHH[SHULPHQWDOGDWDZHUHDOOLQSXWDV618 
FKDQJHVLQFKHPLFDOVKLIWIURPWKHLQLWLDOFKHPLFDOVKLIWYDOXH69'ILWWLQJRIDEVROXWHVKLIWVJHQHUDWHV619 
RQHYHU\ ODUJHVLQJXODUYDOXH UHIOHFWLQJ WKH VWDUWLQJFKHPLFDO VKLIW YDOXHV WRJHWKHUZLWKRWKHUPXFK620 
VPDOOHURQHVZKHUHDVILWWLQJRIFKHPLFDOVKLIWGLIIHUHQFHVJHQHUDWHVVLQJXODUYDOXHVRIDPRUHVLPLODU621 
VL]H6XEVHTXHQWOHDVWVTXDUHVILWWLQJLVWKHQPRUHUREXVW+HQU\DQG+RIULFKWHU 622 
3HDNV WKDW VKRZHG HYLGHQFH RI LQWHUPHGLDWH H[FKDQJH EURDGHQLQJ LQ WKH ' +1&2&$&%623 
VSHFWUD&D preceding T802, D803, I805,V808, E810, F813 and S814, and CE preceding L806, V808, 624 
7(DQG)WRJHWKHUZLWKDVPDOOQXPEHURISHDNVZLWKYHU\VPDOOFKHPLFDOVKLIWFKDQJHV625 
ZHUHUHPRYHGIURPWKHDQDO\VLV)ROORZLQJWKH69'DOOFRPSRQHQWVRI8:DQG9DERYHUDQNZHUH626 
VHWWR]HURDQGXVHGWRFDOFXODWHWKHµQRLVHIUHH¶GDWDVHW'¶7KHVHFKHPLFDOVKLIWFKDQJHVZHUHUHVFDOHG627 
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WRKDYHWKHVDPHPD[LPXPVKLIWFKDQJHWRDYRLGELDVLQJWKHILWWLQJE\DIHZUHVRQDQFHVZLWKYHU\ODUJH628 
FKHPLFDOVKLIWFKDQJHV7KHUHVFDOHGVKLIWVZHUHILWWHGWR(TXVLQJD/HYHQEHUJ0DUTXDUGWQRQOLQHDU629 
OHDVWVTXDUHVDOJRULWKP*OREDO'G and 'V values (together with resonance-specific G1G2'G1DQG'G2630 
SDUDPHWHUVZHUHILUVWREWDLQHGE\ILWWLQJWR(TXDWLRQXVLQJDVXEVHWRIUHVRQDQFHVZKLFKKDGWKHPRVW631 
FXUYHGSUHVVXUHGHSHQGHQWFKHPLFDOVKLIWFKDQJHVEDVHGRQWKHYDOXHRIF2ZKHQILWWLQJWKHGDWDWRD632 
TXDGUDWLFH[SUHVVLRQ7KHHUURULQWKHILWWHG'G and 'V values was estimated by using different residues 633 
DQGQXFOHLIRUWKHILWWLQJDQGDOVRE\FDUU\LQJRXWD0RQWH&DUORW\SHVHDUFKYDU\LQJ'G and 'V and 634 
FDOFXODWLQJWKHJRRGQHVVRIILWRIWKHGDWD2QFHUHOLDEOHYDOXHVRI'G and 'V had bHHQREWDLQHGIRUWKLV635 
VXEVHWRIUHVRQDQFHVWKHYDOXHVZHUHIL[HGDQGUHVRQDQFHVSHFLILFG1G2'G1DQG'G2ZHUHFDOFXODWHG636 
IRUDOORWKHUUHVRQDQFHVDIWHUZKLFKWKHGDWDZHUHUHVFDOHGWRWKHRULJLQDOYDOXHVIRUVXEVHTXHQWDQDO\VLV637 
'XULQJWKHILWWLQJIRU5LWZDVREVHUYHGWKDWWKHYDOXHVIRUG1DQGG2ZHUHLQHYHU\FDVHDOPRVWH[DFWO\638 
RI WKH VDPH PDJQLWXGHEXW RI RSSRVLWH VLJQ7KLV LV D FRQVHTXHQFH RI ILWWLQJ WKH FKHPLFDO VKLIWV DV639 
GLIIHUHQFHVIURPWKHVWDUWLQJYDOXHDQGRIWKHYHU\VPDOODEVROXWHYDOXHRI'G for R3 (ie close to 50% 640 
SRSXODWLRQVRIWKHWZRVWDWHVDWDPELHQWSUHVVXUH,QRUGHUWRREWDLQPRUHUREXVWILWVG1DQGG2ZHUH641 
WKHUHIRUHUHVWUDLQHGWREHHTXDO LQPDJQLWXGHEXWRIRSSRVLWHVLJQIRU5RQO\ WKHUHE\UHGXFLQJWKH642 
QXPEHU RI ILWWHG SDUDPHWHUV E\ RQH %DFNERQH GLKHGUDO DQJOHV ZHUH FDOFXODWHG IRU WKH JURXQG DQG643 
H[FLWHGVWDWHVXVLQJ7$/2616KHQDQG%D[XVLQJFKHPLFDOVKLIWYDOXHVIRU+11&D, CE, and 644 
&¶QXFOHLREWDLQHGIURPG1RDQGG2RUHVSHFWLYHO\ 645 
 646 
$W\SLFDO0DWODE script for carrying out SVD analysis is as follows: 647 
фĂƌƌĂŶŐĞƚŚĞĚĂƚĂŝŶƚŽĂŵĂƚƌŝǆŶƌŽǁƐďǇŵĐŽůƵŵŶƐ ?ǁŚĞƌĞŶŝƐƚŚĞŶƵŵďĞƌŽĨƉĞĂŬƐĂŶĚŵŝƐƚŚĞŶƵŵďĞƌŽĨ648 
ƚŝƚƌĂƚŝŽŶƉŽŝŶƚƐ ?ĂŶĚŝŵƉŽƌƚŝƚ ?&Žƌ ? ?E ?,^YĚĂƚĂ ?ƚŚĞůŝƐƚĐŽŶƚĂŝŶƐďŽƚŚ,ĂŶĚEƐŚŝĨƚƐх 649 
ĚсĚĂƚĂ ? 650 
 ?Ƶ ?Ɛ ?ǀ ?сƐǀĚ ?Ě ? ? ? ? 651 
ǀƐŵĂůůсǀ ? ? ? ? ? ? ? ? 652 
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ƐƐŵĂůůсƐ ? ? ? ? ? ? ? ? ? ? 653 
ƵƐŵĂůůсƵ ? ? ? ? ? ? ? ? 654 
ƚĞŵƉсƐƐŵĂůů ?ǀƐŵĂůů ? ? 655 
ŶŽŝƐĞůĞƐƐсƵƐŵĂůů ?ƚĞŵƉ ?656 
ĞсŶŽŝƐĞůĞƐƐ ? ? 657 
Contact for reagent and resource sharing 658 
Further information and requests for resources and reagents should be directed to and will be fulfilled by 659 
the Lead Contact, Mike Williamson (m.williamson@sheffield.ac.uk). 660 
 661 
6833/(0(17$/,1)250$7,21 662 
)LJXUHV667DEOH6ZLWK'RFXPHQW6DMXVWLILFDWLRQRI(TXDWLRQ 663 
&RPSUHVVHGILOH'DWDB6WDU]LS)LWWHGGDWDG10, G20, 'G1 DQG 'G2 IRUHDFKQXFOHXVUHODWHGWR)LJXUHV664 
66666DQG6 665 
7KLV ILOHJLYHV WKH ILWWHGYDOXHV WRJHWKHUZLWK WKHLUDVVRFLDWHGHUURUVDQG WKHRYHUDOO F2HUURUV ,WDOVR666 
FRQWDLQVVKLIWFKDQJHVERWKRULJLQDOGDWDDQGSRVW69' 667 
 668 
